Abstract. We report on a detailed investigation of the pressure-dependent structural and electronic properties close to the pressure-induced metal-insulator transition of the quasi-twodimensional organic superconductor β -(BEDT-TTF) 2 SF 5 CH 2 CF 2 SO 3 , where BEDT-TTF stand for bisethylenedithio-tetrathiafulvalene (or ET for short). Although the pressure-dependent hysteresis of the metal-insulator transition suggests a structural origin, no major crystallographic modifications could be detected by neutron-scattering experiments. Shubnikov-de Haas (SdH) experiments, on the other hand, show that a reconstructed band structure precedes the phase transition to the insulating state. A new SdH frequency with a rather small effective mass appears.
INTRODUCTION
One important parameter to control the ground-state properties of organic charge-transfer salts is external pressure p. Thereby, in many cases, increasing pressure suppresses insulating density-wave states, enables metallic behavior to persist down to lowest temperature, and eventually allows superconductivity to appear [1] . Further pressure usually strongly reduces the superconducting transition temperature T c to zero, but strengthens the Fermi-liquid properties of the organic metals.
A distinctly different behavior has recently been observed in the quasi-two-dimensional (2D) organic superconductor β -(BEDT-TTF) 2 SF 5 CH 2 CF 2 SO 3 [2] . This material becomes superconducting at ambient pressure with a bulk T c = 4.4 K. (The midpoint of the resistive transition results in 5.2 K.) First, increasing pressure leads to the expected decrease of T c . At higher pressures (above about 10 kbar), however, an insulating state appears with an activated resistive behavior. This superconductor-insulator transition is first order as evidenced by a 3 kbar hysteresis [2] . So far it is not clear whether a structural modification or an electronic mechanism causes this metallic ground-state instability. Based on a theoretical study, it has been concluded that a large intersite Coulomb repulsion in the band-electron system may drive the metallic β -(BEDT-TTF) 2 SF 5 CH 2 CF 2 SO 3 to a chargeordered insulator [3] . On the other hand, the first-order nature of the metal-insulator transition hints to structural transition.
Here, we present first structural neutron-scattering results both in the metallic and insulating state as well as pressure-dependent electronic-transport data for two different samples. Special emphasis is laid to the Shubnikov-de Haas (SdH) signals close to the insulating state which reveal a clear Fermisurface reconstruction in the metallic state.
EXPERIMENTAL
The interplane resistances of two high-quality β -(BEDT-TTF) 2 SF 5 CH 2 CF 2 SO 3 single crystals were measured by a two-point (sample 1) and four-point (sample 2) configuration inside a miniaturized CuBe pressure cell filled with a mineral oil (GKZh-94) as pressure medium. The cell could be rotated in situ around two axes inside a top-loading 3 He cryostat equipped with a 15 T superconducting magnet. The low-temperature pressures of up to about 14 kbar were determined by measuring T c of a small Sn wire mounted next to the sample inside the pressure cell [2] . Pressures were changed at room temperature.
The neutron-diffraction experiments were performed at the instrument E6, Hahn-Meitner-Institut, Berlin, using a neutron wavelength of 2.45 Å. Diffraction patterns of about 30 mg powdered material containing deuterated BEDT-TTF molecules were taken at temperatures between T = 1.5 and 300 K. Pressures between p = 0 and 15 kbar were applied using a different CuBe high-pressure clamp cell with a teflon (PTFE) capsule inside containing the sample and fluorinert as pressure medium. Figure 1 shows the interplane resistance R of sample 1 between 250 and 0.4 K measured during cooldown for different selected pressures. The highest pressure applied was 9.9 kbar and then pressure was released successively. Two different temperature dependences are obvious. For pressures p = 6.1 kbar and less, a metallic behavior occurs. For higher pressures, a decreasing metal-like resistance is found only above about 150 K, whereas towards lower temperatures the material becomes insulating showing an activated behavior. Thereby, for all pressures in the low-temperature metallic state at least incipient superconductivity could be observed (see inset of Fig. 1 ). T c decreases rapidly with pressure along with an approximately linear decrease of the effective mass. The latter was extracted from SdH data [4] . By use of the modified McMillan equation a quantitative description of T c as a function of p is possible assuming a superconducting coupling parameter proportional to the effective mass [2] . In comparison to sample 2 -discussed in detail in Ref. [2] -the insulating state in sample 1 persists down to lower pressures, i.e., down to 7.4 kbar. Since, however, the metal-insulator transition in β -(BEDT-TTF) 2 SF 5 CH 2 CF 2 SO 3 is of first order such kind of sample dependences are expected. The first-order nature of the metal-insulator transition became obvious from the sequential pressure study of sample 2. Depending on whether the pressure was increased or released the switching between the metallic and the insulating state occurred between 9 and 12 kbar, as can be clearly seen from the resistance data at 77 K (Fig. 2) . For sample 2, this hysteresis was traversed twice. In Fig. 2 , the numbers next to the 77-K data points denote the temporal sequence of the measurements.
RESULTS AND DISCUSSION
The hysteretic behavior of the metal-insulator transition suggests a structural modification of the material under pressure. In order to investigate that in more detail we performed a pressure-dependent neutron-diffraction study. Figure 3 shows the resulting data for the pressure cell with and without the sample at ambient pressure and at high pressure (without sample only an approximate pressure is known). A number of peaks originating from β -(BEDT-TTF) 2 SF 5 CH 2 CF 2 SO 3 can be resolved. These peaks shift under pressure, but no major lattice changes can be resolved. A more detailed data analysis is hampered by two facts. First, the spectra are dominated by a sharp peak at ~30 deg which splits under pressure. This feature originates from a crystal-structure modification of the used PTFE as evidenced from a diffraction spectrum of the pressure cell with neither sample nor PTFE capsule (data not shown). To our knowledge, this aspect of PTFE has not been reported so far. Second, the powdered single crystals still revealed a clear texture as recognized from different diffraction-peak heights for different cooling cycles of the sample. Nevertheless, the peaks at about 8.5, 26, 28, and 41 deg are unambiguously originating from the sample (see labels in the inset of Fig. 3 ). Their shift under pressure are most probably due to the decreasing lattice constants, whereas the crystal structure itself seems to be unchanged. However, additional measurements are necessary in order to elucidate whether more subtle lattice modifications occur at the metal-insulator transition. Another driving force for the metal-insulator transition might come from the itinerant electrons. It is, therefore, of interest to examine the pressure dependence of the electronic properties in more detail. Up to the highest pressures in the metallic state we were able to detect SdH oscillations. Up to 4 kbar, the SdH frequency F 0 , that is directly proportional to the Fermi-surface area, increases rapidly from 199(1) T at ambient pressure to about 233 T. Then, F 0 remains constant before, at the highest pressures close to the insulating state, F 0 reduces again to 226(1) T. This non-monotonic behavior of F 0 may well be accounted for since, in addition to the closed hole orbit responsible for the SdH signal, open bands are predicted by band-structure calculations [5] . Therefore, the area of the hole orbit [4] . At the so-called Yamaji angles pronounced maxima in the AMRO signal occur and the in-plane Fermi surface can be mapped out in detail [6] . No topological modification of the strongly elongated ellipsoidal hole orbit was found. Slight shifts of the AMRO maxima are perfectly in line with the changing in-plane Fermi wave vector caused by the discussed pressure dependence of the Fermi-surface area.
Therefore, except for the non-monotonic pressure dependence of F 0 , no unusual modification of the electronic properties is observed on first sight. However, when following the SdH signal at high pressures close to the insulating state -that is for the pressure points 18 and 20 in Fig. 2 -a new SdH frequency could be detected [2] . Figure 4 summarizes the data for p = 9.2 kbar. The inset shows the original resistance data between 10 and 13 T at an angle of 16 deg for the magnetic field with respect to the normal to the conducting BEDT-TTF planes. Since at this angle and pressure a spinsplitting zero for the fundamental is close, a strong second harmonic appears at T = 0.4 K. At higher temperatures, the fundamental SdH frequency (F ≈ 234 T) vanishes rapidly, whereas the signal with 2F persists clearly visible up to the highest measured temperature of 3.4 K. If this latter SdH signal would originate as the second harmonic from the same orbit as the fundamental frequency it should vanish at much lower temperatures than the fundamental signal. This can be seen in a more quantitative way from the temperature dependence of the SdH amplitudes (Fig. 4) . The amplitudes A 1 for the SdH signal with F = 234 T and A 2 for 2F are obtained from Fourier transformations of the SdH signal, i.e., from the relative conductance oscillations (see [2, 7] for details). The dashed line in Fig. 4 shows how a second-harmonic signal with effective mass of 1.27m e (as extracted from A 1 ) should vanish with temperature [8] . Obviously, the data at high T cannot be described in this way. On the other hand, an excellent description of the temperature dependence of A 2 is achieved by assuming two SdH signals with the same frequency 2F. Thereby, one signal originates from the second harmonic of the known hole orbit (with an effective mass of 1.27m e ) and the other SdH seems to be caused by a new fundamental orbit with the rather small effective mass of 0.27(9)m e . Consequently, we are dealing with a new SdH signal originating most probably from a reconstructed band structure. The details of this reconstruction is, however, unclear. Besides a new Fermi-surface orbit a quantuminterference effect might cause the additional SdH signal.
In conclusion, we presented evidence for a pressure-induced first-order metal-insulator transition in β -(BEDT-TTF) 2 SF 5 CH 2 CF 2 SO 3 . Between about 9 and 12 kbar the hysteretic nature of the phase transition allows to stabilize either the metallic or the insulating phase. In the metallic state, at low pressures, superconductivity is omnipresent. Close to the insulating state, clear changes of the electronic band structure emerge. It remains to be clarified whether this modification causes the metalinsulator transition or whether it is just a consequence of the approaching transition. In view of the first-order nature of the pressure-driven phase transition a structural origin seems to be a plausible explanation for the phase transition. However, our first neutron-scattering data suggest no major changes of the crystal structure.
